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The invention relates to an artificial ventilation apparatus intended for the treatment of sleep-related 
sleep respiratory disorders, especially sleep apnea, and to a method for the control of such an apparatus. 

When it is necessary to determine the operating parameters of an artificial ventilation apparatus that 
are the most appropriate for a patient suffering from sleep-related respiratory disorders, especially sleep 
apnea or hypopnea, it is usually necessary for this patient to spend several nights in a sleep laboratory 
during which he is continuously monitored and studied. 

More precisely, the patient who suffers from a sleep-related disorder must spend a first night in the 
sleep laboratory, during which the existence of any sleep-related disorders is diagnosed by means of a 
polysomnograph, and the number of respiratory events or sleep-related disorders occurring during sleep 
is determined. 

Finally, after this first night of diagnostics, the patient must spend a second night in the sleep 
laboratory, during which a technician is in charge of determining the appropriate effective pressure for 
the treatment of the patient. 

For this purpose, the technician in charge of finding this effective pressure monitors the patient 
constantly throughout the entire night, gradually changing the pressure of the gas sent to the patient 
during his/her sleep until a pressure level is reached at which the respiratory events, i.e., the sleep 
disorders, start to disappear. 

This pressure level corresponds to the effective treatment pressure, which is generally approximately 
4-18 mbar. 
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Now, it immediately clear that this method is not practical, for the patient who has to spend 
several nights away from home, or for the technician in charge of monitoring the sleeping patient and 
thus required to stay awake throughout the entire night. 

The purpose of the present invention is then to attempt to overcome the above problems and 
disadvantages by proposing an artificial ventilation apparatus intended for the treatment of sleep-related 
respiratory disorders, particularly sleep apnea, that is self-adapting, and a method for controlling such an 
apparatus. 

In other words, the purpose of the invention is to propose a method for the automatic control of the 
variations of the pressure of the gas sent to the user while he/she is sleeping, i.e., a method for the 
control of the respiratory assistance apparatus that does not require the intervention of a technician, a 
physician or other similar person, and that is able to adapt to the respiratory events of the user and/or 
take into account the duration of the different sleep periods. 

The invention thus concerns a respiratory assistance apparatus, preferably of the Continuous Positive 
Pressure type, comprising: 

- at least one gas duct that can be connected to the upper airways of a user in the sleep phase, 

- at least one turbine to supply said gas duct with a respiratory gas at substantially constant pressure, 

- means for the fixation and/or memorization of the desired duration (t), 

- means for the fixation and/or memorization of the desired pressure, 

- means for the fixation and/or memorization of a desired threshold number (ns) of respiratory events, 

- means for the determination of respiratory events to determine the total number (n) of respiratory 
events that occur in the user during the preestablished duration (t). 



* [Numbers in right margin indicate pagination of the original text.] 
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- calculation means to compare the total number (n) of respiratory events, which is determined by 

said means for determining respiratory events, with the prefixed threshold number (ns) of respiratory 
events, and 

- control means allowing the control of the turbine to dehver, for the prefixed duration (t), /3 
gas at the desired pressure, and to maintain or modify said pressure of the gas delivered by said turbine 

by acting on said turbine in response to the calculation means. 

It is preferred for said apparatus to comprise, in addition, means for the fixation and/or memorization 
of a pressure variation value (AP) of 0-50 mbar, preferably 0-30 mbar, and/or means for the fixation 
and/or memorization of at least one type of respiratory event. 

Moreover, the invention also relates to a method for the control of a respiratory assistance apparatus 
according to the invention, which comprises at least one turbine to supply at least one gas duct with a 
respiratory gas at substantially constant pressure, where said gas duct can be connected, in addition, to 
the upper airways of a user in the sleep phase, in which one proceeds according to the following steps 
of: 

(a) control of the turbine to deliver, for a prefixed duration (t), gas at a desired pressure, 

(b) determination of the total number (n) of respiratory events that occur in the user for the prefixed 
duration (t), 

(c) comparison of the total number (n) of respiratory events, which is determined in step (b), with a 
prefixed threshold number (ns) of respiratory events, and 

(d) maintenance or modification of the pressure of the gas delivered by said turbine by acting on said 
turbine as a function of the comparison of step (c). 

Depending on the case, the method according to the invention can comprise one or more of the 
following claims: 
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- in step (d), one controls the turbine to increase the pressure of the gas delivered by said turbine, if in 
step (c) it is determined that n > ns. 

- in step (d), one controls the turbine to maintain substantially constant the pressure of the gas 
delivered by said turbine, if in step (c) it is determined that n < ns. 

- in step (d), one controls the turbine to increase the pressure of the gas delivered by a pressure 
variation value (AP) such that 0 < AP < 50 mbar, preferably 0 < AP < 30 mbar. 

- after an increase in the pressure of the gas according to step (d), one repeats the steps (a)-(d) as 
many times as necessary until the total number (n) of respiratory events determined in step (b) is less 
than the prefixed threshold number (ns) of respiratory events. 

- it comprises, in addition, at least one step of memorization of at least one parameter chosen from 
the group consisting of the duration (t), the total number (n) of respiratory events, the threshold number 
(ns) of respiratory events, and the pressure variation value (AP). 

- it comprises, in addition, at least one step of fixation of at least one type of respiratory events to be 
determined in step (b). 

- at least one type of respiratory events is chosen from the group comprised of apnea (AP), hypopnea 
(HP), periods and/or times of snoring (SR), and other respiratory events (ORE). 

- the total number (n) of respiratory events is equal to the sum of the number of respiratory events of 
one type or another that occur during the duration (t). 

- the prefixed duration (t) is between 10 sec and 1 h, preferably 1 min and 30 min, preferably between 
3 and 10 min, and more preferably on the order of 6 min. 

- in step (a), the pressure is 2-20 mbar, preferably 2-12 mbar, preferably 3-8 mbar. 

The invention is described below in further detail in reference to the figures in the appendix, which 
are given as illustrations but not limiting. 
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In Figure 1, an algorithm is diagrammed that represents the procedure of operation of the ventilator 
according to the invention. 

The control method according to the invention is carried out, as shown in Figure 1, and explained 
below. 

During a first phase (1,2), one controls the turbine of the respiratory assistance apparatus so that it 
delivers respiratory gas, such as air or oxygen-enriched air, at a substantially constant pressure (at 1), for 
a prefixed duration t, for example, a duration of up to 120 min, during which one measures or 
determines (at 2) the total number n of respiratory events that occur in the user over the prefixed /5 
duration t. 

It is preferred for the pressure to be fixed at a low pressure value, for example, 4 mbar, which allows 
the patient to fall asleep without being in discomfort due to an excessively high gas pressure. 

The respiratory events that are determined are apnea, hypopnea, snoring periods, and other 
respiratory events entailing a decrease in respiratory flow. 

The total number n of respiratory events that occur during the period t is memorized by the machine 
and compared (at 2) with a prefixed threshold number ns of respiratory events, and the result of this 
comparison is used to maintain or, conversely, modify the pressure of the gas delivered by the turbine. 

Thus, if the number n is less than the threshold number ns, then the pressure level is maintained at its 
initial value, for example, 4 mbar (loop Bl in Figure 1), because, in this case, either the fixed pressure 
level is sufficient to be effective from the therapeutic point of view, or the subject is not or only slightly 
subject to respiratory disorders requiring a more powerful treatment. 

In contrast, if the number n is greater than or equal to the threshold number ns, then the pressure level 
is increased by a pressure variation value AP such that 0 < AP < 50 mbar, preferably 0 < AP < 30 mbar. 
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for example, 4 mbar, until a pressure level is reached (at 3) that is greater than the previous level, for 
example, a pressure level that is greater by 8 mab [sic; mbar] in this example. 

Indeed, in this case, the fact that n is greater than or equal to the threshold number ns signifies that 
the pressure delivered by the turbine is not sufficiently high for an effective action against the sleep 
disorders; the pressure therefore must be increased. 

The increase in the pressure of the gas dehvered by said turbine is achieved by controlling the voltage 
of the current that supplies the turbine, by means of the control means, and by measuring the pressure, 
preferably close to the mouth of the user, and comparing it with the nominal pressure. 

When this higher pressure level (8 mbar) is reached, the second phase begins, dui ing which 
one proceeds by repeating the previous step (of the first phase), i.e., one maintains (at 3), for a duration t' 
equal to or not equal to t, for example, 6 min (at 4), the pressure level at 8 mbar, and one counts, during 
this duration t', the total number n' of respiratory events that occurred during the duration t'. 

This total number is memorized at 10 (loop B2), and compared (at 5) with the prefixed threshold 
number ns of respiratory events, and the result of this comparison is used, as above, to maintain (loop 
B3), or, conversely, to modify the pressure of the gas delivered by the turbine. 

Indeed, this 6-min period is a short phase of testing the effectiveness of the pressure that has been 
reached (8 mbar). 

After the 6 min, if the number n' is greater than the threshold number ns, then the pressure is 
increased (at 1 1) very shghtly, for example, by 1 mbar (loop B3), and then the steps 3, 4 and 5 are 
repeated until the number n' of respiratory events becomes less than or equal to the threshold number ns. 
For example, one can repeat the loop B3 3 times before reaching n' < ns; in this case, the pressure has 
increased by 1 mbar at each repetition of the loop B3, and the effective pressure obtained is thus 1 1 
mbar (8 mbar + 3x1 mbar). 
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Once the second test phase is completed, i.e., when the pressure of the gas has reached its effective 
value, for example, 1 1 mbar, the third phase begins, which is a phase of greater duration than the 
previous phase, for example, 36 min, during which one maintains the pressure at its effective value (at 
6), and one detects and memorizes any respiratory events. 

Such a duration makes it possible to monitor a large proportion of the current sleep stage with a 
pressure level (at 7) that is maintained substantially constant, in such a way as to be able to verify and/or 
validate that the pressure obtained (11 mbar, for example) is indeed the effective treatment pressure for 
the patient. 

Again, one compares (at 8) the number n" of respiratory events detected during these 36 min with a 
prefixed threshold number ns" (ns", ns' and ns may be equal or different). 

If the number n" is greater than the threshold number ns", then one proceeds according to loop B5, 11 
which returns to the previous loop B3 to repeat the above procedures (second phase and third phase). 

On the other hand, if the number n" is less than or equal to the threshold number ns", then one 
proceeds along the loop B6, i.e., one decreases the pressure by a low value, for example, 1 mbar (at 12), 
and then one repeats the procedures of the second phase and the third phase. 

This makes it possible to correctly adjust the pressure level, and thus to verify that the pressure level 
has not been increased excessively during the previous second phase. 

The preceding phases are repeated as many times as necessary. 

It can be understood immediately that such a method is particularly advantageous because it is 
self-adapting, i.e., because the effective pressure level is chosen automatically by the ventilation 
machine and consequently no longer requires any intervention by a technician at nighttime, and it can be 
used at home by the patient himself or herself. 



9 



In other words, the machine adapts itself to any variation in the pressure level that is required by the 
patient, taking into account the time spent at a given pressure, the number of respiratory events that 
occurred at this given pressure level, the given pressure level itself, as well as any accidental leaks of the 
mask and/or unintentional disconnection of the mask. 

From there, by analyzing the number of respiratory events at each pressure, an effective pressure 
level can be and is determined for the entire night, and this for each one of the respiratory events taken 
separately, or, conversely, in groups, i.e., an effective pressure level that allows the obtention of the — 
preferably complete — disappearance of apnea (AP) and/or hypopnea (HP) and/or ORE and/or of the 
snoring.... 

All of this is carried out on an a priori basis, as a function of the detection strategy chosen before the 
start of the titration session. 

In Figure 2, a diagram is shown of the respiratory flow rate curve of a person who suffers from sleep- 
related respiratoiy disorders with periods of hypopnea (HP), where hypopnea is characterized by a 50% 
decrease in the amplitude of the respiratory flow rate of this person for a variable time period during 
his/her sleep. As one can see in Figure 2, during the hypopnea period (HP), the amplitude of the 
respiratory flow rate is only 30-40% of the normal respiratory flow rate ('NORMAL'). It should be 
emphasized that, when the reduction of the amplitude of the respiratory flow rate of the person reaches 
90% or more, one speaks of sleep apnea (AP). 

Moreover, Figure 3, as far as it is concerned, illustrates the respiratory flow rate curve of a person 
suffering from a third type of respiratory events that generate sleep-related respiratory disorders, namely 
respiratory events that do not involve a 50% to nearly 100% reduction of the respiratory flow rate, as in 
the case of hypopnea and apnea, respectively, but that generate a reduction in the respiratory volume by 
only approximately 15-50%, throughout the duration of the event, followed by resumption of respiration 
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and a micro-awakening of the person at the end of the event. During the resumption of breathing and the 
micro-awakening, one observes a large increase in the volume of the respiratory gas inspired by the 
person. Such respiratory events correspond to periods of flow limitation and they are referred to as ORE 
type events, which stands for Other Respiratory Events, which makes it possible to distinguish them 
from apnea (AP) and hypopnea (HP). 

Figure 4, as far as it is concemed, represents the pressure variations of the gas delivered by the 
ventilation apparatus as a function of time, when one controls said apparatus using a control and 
regulation method according to the present invention. 

More precisely, the automatic definition of the effective pressure level can be carried out according 
to the following phases. 

Phase 1: 

First, one inhibits any detection of respiratory events for a prefixed duration, for example, 20 min, 
and this by maintaining or adjusting the pressure of the gas at a low pressure value PI, for example, 
4 hPa by default. 

At the end of this period of inhibition, one starts a detection of the number n of respiratory events 
(AP, HP or ORE) for a prefixed and/or settable duration Tl, for example, 120 min, and one compares 
the total number n of respiratory events determined in this way with a prefixed threshold number ns of 
respiratory events, for example, ns = 4. 

If n < ns, then one resets the event counter to 0, and one starts the operation again while maintaining 
the pressure PI. 
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Conversely, if n > ns, then one modifies the pressure of the gas delivered by said turbine by acting on 
said turbine to increase (API) the pressure of the gas to a higher pressure value P2, for example, 6 hPa 
by default, but, preferably, this pressure value P2 is settable or adjustable. 

The slope of the rise in the pressure (API) corresponds to approximately 1 hPa per 3 respiratory 
cycles (duration of the inspiration + duration of the expiration). 

Phase 2: 

The pressure of the gas is stabilized at the value P2 for a prefixed duration T2, for example, 6 min by 
default, during which one detects a total number n of respiratory events for this pressure P2. 

At the end of this period T2, one compares, as above, the total number n' of respiratory events so 
determined with a prefixed threshold number ns' of respiratory events, for example, ns' = 2. 

If n' < ns', then one repeats the operation while maintaining the pressure P2 as long as the total 
number n' of respiratory events is not greater than ns'. 

On the other hand, if one determines that n' > ns', then one modifies the pressure of the gas delivered 
by said turbine by acting on said turbine to increase the gas pressure as many times as necessary (AP2 or 
APS), until a pressure value P3 or P4, for example, 8 hPa, is reached, at which the total number n" of 
respiratory events for this pressure P3 or P4 remains less than ns' for a duration T3, preferably T2 = T3. 

Phase 3: 

The pressure of the gas is maintained at the value P4 for a duration T4 that is longer than T2 or T3, 
for example, for 26 min by default. It is preferred for the duration T4 to be settable. 

After this duration T4, one compares, as above, the total number n'" of respiratory events that 
occurred during T4 with a prefixed threshold number ns'" of respiratory events, for example, ns'" = 5. 
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If n'" > ns'", then one increases the pressure of the gas slightly, for example, by 1 hPA. 

However, in most cases n'" < ns'", and in that case one should decrease the pressure (AP4) to a 
predetermined, preferably settable, quantity, for example, 1 hPa, to then increase the pressure to a 
pressure value that is slightly less than P5. 

Then, one repeats the test process at this pressure value P5, by increasing (APS) the pressure again, if 
necessary, to a pressure value P6 that is greater than P5, preferably to the value P4, or, depending on the 
case, by validating the pressure level P5. 

In other words, one determines, during each subsequent time period T5, T6..., the number of 
respiratory events that occur at the pressure level considered, P5, P6..., and one modifies the pressure 
level of the gas delivered by the turbine accordingly. 

However, it should be noted that if one determines, during a time period, that the number of 
respiratory events occurring at the pressure level considered is greater than the fixed threshold number 
(for example, 5 events), it is not necessary to wait for the end of the time period considered to increase 
the pressure of the gas. 

Indeed, for the purpose of safety and effectiveness, it is preferred to proceed to an increase in 
pressure (increment of 1 hPa, for example) as soon as the counter detects that the number of respiratory 
events that occurred is greater than the fixed threshold number, and this without waiting for the end of 
the time duration under consideration. 

Claims 

1. Respiratory assistance apparatus comprising: 

- at least one gas duct that can be connected to the upper airways of a user in the sleep phase, 

- at least one turbine to supply said gas duct with a respiratory gas at substantially constant pressure, 
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- means for the fixation and/or memorization of the desired duration (t), 

- means for the fixation and/or memorization of the desired pressure, 

- means for the fixation and/or memorization of a desired threshold number (ns) of respiratory events, 

- means for the determination of respiratory events to determine the total number (n) of respiratory 
events that occur in the user during the preestablished duration (t), 

- calculation means to compare the total number (n) of respiratory events, which is determined by 
said means for determining respiratory events, with the prefixed threshold number (ns) of respiratory 
events, and 

- control means allowing the control of the turbine to deliver, over the prefixed duration (t), /3 
gas at the desired pressure, and to maintain or modify said pressure of the gas delivered by said turbine 

by acting on said turbine in response to the calculation means, 

characterized in that the control means control the turbine in such a way as to increase the pressure of 
the gas delivered by said turbine, without waiting for the end of said duration (t) under consideration, if 
the comparison performed by the calculation means determines that the number of events that occurred 
during a part of said prefixed duration (t), at the pressure level considered, is greater than said prefixed 
threshold number (ns). 

2. Apparatus according to Claim 1, characterized in that it comprises, in addition, means for the 
fixation and/or memorization of a pressure variation value (AP) of 0-50 mbar. 

3. Apparatus according to one of Claims 1 or 2, characterized in that it comprises, in addition, means /12 
for the fixation and/or memorization of a pressure variation value (AP) of 0-30 mbar. 

4. Apparatus according to one of Claims 1-3, characterized in that it comprises, in addition, means 
for the fixation and/or memorization of at least one type of respiratory events. 
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5. Apparatus according to Claim 1, characterized in that the control means control the turbine to 
increase the pressure of the gas delivered by said turbine when it is determined that n > ns. 

6. Apparatus according to Claim 1, characterized in that the control means control the turbine to 
maintain a substantially constant pressure of the gas delivered by the turbine, when it is determined that 
n < ns. 

7. Apparatus according to Claim 1, characterized in that the control means control the turbine to 
increase the pressure of the gas delivered by a pressure variation value (AP) such that 0 < AP < 50 mbar, 
preferably 0 < AP < 30 mbar. 

8. Apparatus according to one of Claims 1 or 5, characterized in that the control means control the 
turbine by controlling the voltage of the current supplying the turbine, and by measuring the pressure, 
preferably close to the mouth of the user, and comparing it with the nominal pressure. 
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